INTRODUCTION {#sec1-1}
============

"Unfavourable" according to the oxford dictionaries means undesirable outcome. Understanding unfavourable outcomes and managing them are an important part of any surgical exercise. However, a subtle distinction between complications and unfavourable outcomes will have to be made at the outset. Complications are unintended and undesirable consequences of a pre-existing disorder or its treatment, which may or may not have a lasting impact on the outcome, for e.g., excessive bleeding at the time of surgery. Unfavourable outcomes on the other hand may or may not be a result of complications, but which leads to results, which are unsatisfactory to the patient, the clinician or both.

For ease of discussion, the causes for unfavourable outcomes in orthognathic surgery may be classified as:

Pre-treatmentDuring treatment.

Let us first list out the causes under each group and then discuss them in a little greater detail.

PRE-TREATMENT {#sec1-2}
=============

Lack of internal motivationUnrealistic expectations, (both of which are patient dependent factors)Lack of understanding of treatment objectivesLack of adequate/proper clinical evaluationLack of team workWrong treatment plan (while the last four are clinician dependent).

This set of causes though, a little ambiguous at times, are the most important reasons for unfavourable outcomes.

Lack of internal motivation {#sec2-1}
---------------------------

This is a problem particularly relevant in the Indian cultural scenario. Often times, it is the parents that bring the daughter, to improve her looks so that she could be married off and things such as these.\[[@ref1]\] It may be difficult to ascertain whether the patient herself thinks she needs the surgery, is keen to get it performed i.e., internal motivation. It may be that she is not concerned with it. In this situation, it may be easy to state that these cases should not be performed, as literature might suggest. However, we believe that this is a difficult question to answer and one answer may not fit all situations. In other words, you may decide to go ahead with the surgery being well aware of the drawbacks of doing so.

Unrealistic expectations {#sec2-2}
------------------------

Expectations of patients from the surgery may be generally two-fold:

Physical changes, which are directly responsible for them to look good or attractiveThe non-physical attributes, which may be indirectly responsible for their well-being such as self-esteem, body image and social image\[[@ref2]\]

The physical problems can be addressed as they generally are quantifiable and can be predicted to a great degree with expectations being satisfied while the indirect components, which are psychosocial, may not fall within the predictable outcome bracket.\[[@ref3]\] Expectations to improvement with relation to the indirect attributes generally show a greater degree of unfavourable outcome.\[[@ref2]\] And these need to be evaluated and discussed in detail during the patients counselling for surgery. Patients exhibiting 'dysmorphophobic' tendencies should be referred for psychiatric evaluation and counselling before surgery is planned.\[[@ref4]\] Expectations also vary with factors such as the individual\'s personality, upbringing and social relationship.\[[@ref5]\]

Unrealistic expectations could be a continuation of the previous problem where the parents etc., desire dramatic results, which may be unattainable. More often we are exposed to patients and their parents who assume that surgery is a comprehensive solution to every problem in making things "picture perfect". Furthermore, there may be clinical situations where the patient themselves have an intrinsic desire to look such as a particular person or celebrity post-surgically. These patients may have a tendency to 'shop' for the right surgeon who can promise them results in accordance with the images/pictures they may carry. This may reflect an extremely obsessive attitude with a degree of narcissism and may not be suitable candidates for surgery. The outcome rating of laypersons after an orthognathic procedure is always less than that of a professional. This also goes to show that generally, a patient has a higher degree of expectation from a surgery than the clinician.\[[@ref6]\] A thorough evaluation of the patient\'s expectations and a realistic discussion of the surgical outcomes have to be carried out during the patients counselling. If the patients accept your limitations in achieving the desired outcome one can proceed, else it may be advisable to refuse them treatment.\[[@ref3][@ref5]\] (There have been instances where patients have been driven to attempt suicide because they did not like what they saw after the surgery).

Lack of understanding of treatment objectives {#sec2-3}
---------------------------------------------

Orthognathic surgery and its outcomes are a result of a complex planning and treatment process, which involves inputs from a team, which includes the patient. If any member of the team including the patient has not understood the objectives of the proposed treatment we could end up having unfavourable outcomes. This can be divided into two main categories: (1) Conflict between achieving better aesthetics versus better function and (2) the perception of aesthetics between the clinician and the patient involved (generalised vs. individualistic).\[[@ref6]--[@ref8]\] While, it is easy to understand the need for aesthetic improvement, it is not very clear when it comes to understanding functional improvement, particularly by the patient. The surgeon and or the orthodontist involved may be interested in producing a result, which improves the function of the jaws, the patients concern to begin with is only aesthetics and hence she may not understand the need for improved function.\[[@ref9]--[@ref11]\] More importantly this contradiction of priorities might produce a clash between the surgeon and the orthodontist and if it is not resolved before the treatment is started, might end up in results that somebody is not happy with. A survey of patients also reveal that there is poor communication between the patient and the clinician in terms of treatment needs and the patient also exhibits poor decision making in assessing the needs himself.\[[@ref12]\]

Lack of adequate/proper clinical evaluation {#sec2-4}
-------------------------------------------

This is very obvious. However, this needs to be emphasised because the end result can be disastrous if proper evaluation of the deformity is not carried out (It is beyond the scope of this discussion as to what is proper/adequate clinical evaluation). All the surgical procedures of the face can be basically divided into five groups.\[[@ref10]\]

Single jaw-upperSingle jaw-lowerBimaxillary-upper and lowerBimaxillary with rotation of the maxilla-mandibular complex andChin procedures.

The patient needs to be assessed for functional, structural and aesthetic concerns and planned for the indicated procedure after a thorough evaluation has been completed. A change of procedure from the indicated one may lead to an unfavourable result. A few examples to clarify this point are explained. For e.g., let us consider a skeletal class 3 situation with a concave profile. The problem can be due to a retrognathic maxilla or a prognathic mandible or even a combination of both. The surgical plan for this may be either a mandibular setback or a maxillary advancement or a combination bimaxillary procedure. If the diagnosis of the deformity is not correct from the evaluation, a wrong procedure may result in an unfavourable or a suboptimal outcome \[[Figure 1](#F1){ref-type="fig"}\]. Similarly, a clear distinction needs to be made in the favour of a single or a bimaxillary surgery based on the evaluation and investigations. This will play a major role in the immediate outcome, as well as long-term stability reducing relapse. Similarly, deformities may occur in more than one planes i.e., vertical, transverse and sagittal anterior-posterior (AP). If all dimensions of the deformity is not understood the problem in one plane, for e.g., AP dimension may be addressed leaving the others uncorrected, once again leading to unfavourable results \[[Figure 2](#F2){ref-type="fig"}\].

![(a) Different skeletal pattern for the same profile problem. Class 3 patient with isolated maxillary retrognathism. (b) Class 3 patient with isolated mandibular prognathism. (c) Class 3 patient with bimaxillary problem](IJPS-46-183-g001){#F1}

![(a) Photographs demonstrating anterio-posterior and transverse skeletal disturbances in the same patient. Patient demonstrating skeletal class 2 relationship with anterio-posterior discrepancy. (b) Same patient demonstrating severe discrepancy in the transverse plane](IJPS-46-183-g002){#F2}

Lack of team work {#sec2-5}
-----------------

Team work is the essence of a good outcome. This involves joint clinic discussions, which are essentially led by the surgeon and the orthodontist but also involve the skill of periodontists, prosthodontists, clinical psychologist, anesthetist and a nutritionist.\[[@ref9][@ref13][@ref14]\] The treatment of a patient does not end with the surgery, but also involves his comprehensive rehabilitation from the surgery, which includes his dental and general health status. The importance of this has already being alluded to, in the discussion of treatment objectives. It is extremely important that the surgeon and the orthodontist understand each other well and concur on the plans, which enables them to prioritise the treatment sequence. Orthognathic surgery is inseparable with orthodontics, which may be pre-surgical or post-surgical depending upon the indications.\[[@ref9]--[@ref11]\] The indications and necessity for a surgical procedure should be clearly understood by both the surgeon and the orthodontist and a favourable decision made to facilitate treatment, which may take the form of a surgery or only camouflage orthodontics.\[[@ref11]\] The classical example of a so called camouflage orthodontics could be cited here. A person with a skeletal deformity may undergo isolated orthodontic correction to mask the skeletal deformity instead of correcting the basal bone problem, for e.g., by compensating the dental inclinations. This makes a subsequent surgical procedure difficult as the orthodontics needed for surgery takes the opposing course of camouflage orthodontics. Hence once the plan is charted in conjunction with the patient, a definitive sequence for treatment is followed, which may prevent chances for an undesirable post-treatment outcome.\[[@ref11]\] The need for other specialists to be involved depends upon the dental treatment needs of the patient and the necessity for him to undergo post-surgical counselling.

Wrong treatment plan {#sec2-6}
--------------------

This once again is a very obvious problem and stems from mistakes made in all the previous issues discussed earlier. It is therefore important to revisit a treatment plan formulated by the team before starting the treatment, explain to the patient the process involved (which may be long drawn out) and proceed when everybody concerned is on board.

DURING TREATMENT {#sec1-3}
================

The causes for unfavourable results in orthognathic surgery, which occur during the treatment can be divided into various categories viz.,

Inadequate/improper pre-surgical orthodonticsLab errors during pre-surgical preparation including model surgeryIntra-operative errorsPost-operative sequelae.

Inadequate or improper orthodontics {#sec2-7}
-----------------------------------

The orthodontist and the surgeon have equal responsibility in achieving a good outcome for a patient requiring ortognathic surgery. The orthodontist has the role of setting the dental framework into the relationship that will be stable and functional once the surgery has been completed. In contrast to the conventional sequence of orthodontics preceding surgery and then following up for minor occlusal settling, recently there have been surgical indications where surgery can be performed first and later followed by orthodontics. The surgeon and the orthodontist should have a good understanding of their roles and should communicate efficiently to determine a comprehensive treatment plan, which will provide the best outcome for the patient\[[@ref15]--[@ref17]\] in all planes - coronal, sagittal and transverse. Problems occurring due to improper orthodontics can be classified as:

### Insufficient decompensation {#sec3-1}

It is very important that the inclinations of the teeth in both the upper and lower arches are brought to their normal position before doing the surgery. This process will reflect the actual gravity of the skeletal deformity. The process of decompensation will obviously aggravate the abnormality clinically for e.g., in a class 3 skeletal deformity the dental overjet will become worse or more reverse i.e., the upper incisors may be pushed further behind the lower incisors than what was when the patient reported. If this has not been done adequately then the outcome will not be good \[Figures [3](#F3){ref-type="fig"}--[5](#F5){ref-type="fig"}\]. This step also involves levelling the occlusal arches.

![Dental relationship before orthodontic treatment](IJPS-46-183-g003){#F3}

![Dental relationship after orthodontic decompensation. (Exaggerated reverse overjet visible)](IJPS-46-183-g004){#F4}

![Dental relationship after surgery](IJPS-46-183-g005){#F5}

### Inadequate transverse co-ordination {#sec3-2}

At times, the upper and or lower arches may be collapsed at the start of pre-surgical orthodontics. The arches need to be expanded to extent, that, when the surgery is performed the upper and lower arches are in a good position. Over or under expansion will lead to poor transverse relationship between the upper and lower arches post-operatively.

Not only is a proper inter arch relationship useful for good function, but it also ensures a stable, result post-operatively. Poor inter digitation between the upper and lower teeth is often responsible for relapse after surgery and hence an unfavourable outcome. Improper transverse dental relationships both unilateral and bilateral (cross-bites) also need to be addressed adequately \[Figures [6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"}\].

![Unilateral cross-bite](IJPS-46-183-g006){#F6}

![Unilateral cross-bite corrected post-orthodontics and surgery](IJPS-46-183-g007){#F7}

### Inadequate root divergence in segmental surgery {#sec3-3}

When segmental surgery is carried out i.e., interdental osteotomies are carried out breaking the maxilla or mandible into segments, It is important that there is adequate space between the roots of the teeth to carry out these osteotomies failing, which sectioning of roots and subsequent problems with those teeth and roots compromises outcome.\[[@ref18]\]

### Planning for extractions to facilitate adequate movement and accommodate bimaxillary procedures {#sec3-4}

Once the basic treatment plan has been decided if the patient will need a single jaw or a bimaxillary procedure the extraction of teeth to create an optimal dental overjet (positive in a class 2 skeletal base and negative in a class 3 base) to accommodate the necessary skeletal movement may have to be planned meticulously to facilitate proper surgical outcome. For example in a class 3 problem where only a mandibular setback is needed, it can be achieved with a non-extraction treatment plan, whereas the same patient if he needs a bimaxillary procedure (maxillary advancement and a mandibular setback) he may need extraction of the upper premolars to create an increased negative overjet to facilitate a bimaxillary procedure, failing, which a pleasing profile may not be achievable.

Lab errors during pre-surgical preparation including model surgery {#sec2-8}
------------------------------------------------------------------

Orthognathic surgery involves a fair share of laboratory work as it requires a lot of planning and simulated surgery, which have to be carried out on dental models *in-vitro* to create an occusal wafer, which is used as a template to duplicate the desired skeletal positioning on the patient in a precise manner.\[[@ref19][@ref20]\] It is paramount that all the laboratory work in preparation for the surgery be done precisely and in accordance to the predetermined treatment plan as any deviation or errors in the lab will reflect on a compromised final surgical outcome.

### Unsatisfactory bite registration {#sec3-5}

Registration of the patient\'s occlusal (inter-arch) relationship is called bite registration and it reflects the position of the jaws in relation to the teeth. This is performed with either wax or bites registration polymers in the patients-centric relationship and has to be transferred to the articulator, which will mimic the position of the jaws with the movement of the temporomandibular Joint. Any discrepancy in this will totally alter the surgical simulation and the surgical wafer fabrication.

### Transfer of the dental casts to the articulator {#sec3-6}

This involves the transfer of the *in-vivo* relationship of the maxilla and the mandible to a semi or a fully adjustable articulator by use of a face-bow. Discrepancies in the transfer of the dental models to the articulator can create a change in the three dimensional spatial relationship of the maxilla and the mandible.\[[@ref21]--[@ref23]\] This may include shift of dental midlines, creation of occlusal canting where non-existent and incorporation of rotational movements in the treatment plan. This can be minimised by proper techniques of marking orientation lines for the teeth and marking the heel of the maxilla and the mandible, which preserve the *in-vivo* relationship on the dental models \[[Figure 8](#F8){ref-type="fig"}\].

![Models mounted in a SAM 3 articulator with the orientation lines marked](IJPS-46-183-g008){#F8}

### Improper model surgery (simulation) {#sec3-7}

A good treatment plan will not necessarily translate into a good outcome if the model surgeries are not performed properly. The model surgery should accurately reflect the treatment plan for e.g., 3 mm superior repositioning with 5 mm advancement of the maxilla and 6 mm mandibular setback \[[Figure 9](#F9){ref-type="fig"}\]. More complex the movements i.e., in more than 1 direction or multi-segment surgery greater are the need for accuracy in model surgery. The intraoperative wafers that are used as surgical templates are fabricated on the models after model surgery is performed. Lack of accuracy with this leads to many problems post-operatively.

![Use of Ericsson platform for measuring movements during the surgical simulation (Courtesy: Dr. Pramod Subash, Cochin)](IJPS-46-183-g009){#F9}

### Warpage/physical deformation of the occlusal wafer {#sec3-8}

It is a very common reason for failure of the simulation phase when all the preceding issues have been sorted out properly. They can deform due to exposure to atmospheric air and temperature easily and may not fit on the patient\'s dentition intraoperatively. This will then lead to positioning of the jaws arbitrarily and can give rise to poor aesthetic and functional results. The common reasons for deformation of the wafer are that it is either prepared too early or is stored improperly. The best way to preserve the wafer is to place it in position on the dental models and retain it with the articulator \[[Figure 10](#F10){ref-type="fig"}\].

![Occlusal wafers on the model (Courtesy: Dr. Pramod Subash, Cochin)](IJPS-46-183-g010){#F10}

Intraoperative errors {#sec2-9}
---------------------

### Neurological deficit {#sec3-9}

Sensory nerve deficit, which is now termed 'altered sensation' following orthognathic surgery may be transient or permanent.\[[@ref24]\] Permanent sensory deficit is certainly an undesirable outcome, which has to be discussed with the patient and explained in detail. An informed consent explaining the expected complications and their sequel would facilitate a better understanding of the issues by the patient and save post-surgical embarrassment or litigation for the clinician.

The nerves that may be injured and the relative occurrence values have been enumerated in [Table 1](#T1){ref-type="table"}. The inferior alveolar and mental nerves are the most commonly involved in terms of sensory deficit and mandates a more detailed discussion. The chances of inferior alveolar nerve transection may range between 1.3% and 18%, whereas long-term sensory loss without any transection of the nerve still ranges between 24% and 85%. The incidence of mental nerve deficit during genioplasty is 20% while a combined procedure of genioplasty and sagittal split osteotomy (SSO) increases the chances of sensory deficit to almost 70%.\[[@ref25]\]

###### 

Nerves predisposed to injury

![](IJPS-46-183-g011)

### Unfavourable fractures/bad splits {#sec3-10}

Unfavourable fractures or splits can occur due to incomplete osteotomy or improper techniques. It is mandatory to revisit all the osteotomy sites when there is any form of resistance during the down-fracture of the maxilla or splitting of the mandible.

### Maxilla {#sec3-11}

Unfavourable fracture lines can cause fragmentation of the bones in the maxilla and may produce difficulty in fixation and may also permeate through to the skull base producing deleterious effects like blindness. The chances for a bad fracture is more common in a lefort 1 osteotomy when the conventional lines are modified to include the infra-orbital rim or zygoma where the osteotomy may have to be blind behind the zygoma.\[[@ref25]\]

### Mandible {#sec3-12}

The incidence of unfavourable splits occurring in the mandible has been reported to be around 0.5-5%.\[[@ref25]\] However, a recent large series of SSOs indicates a much lower incidence of 0.7% in 2005 surgical sites.\[[@ref26]\] The most common bad splits reported are fracture of the ramus, fracture of the buccal plate or the lingual plate. Fragmentation of the buccal plate is rare. Most often these are comfortably managed intraoperatively by modifying the fixation methods. The presence of an unerupted third molar in the mandible increases the chances for a bad split.\[[@ref27]\]

### Ophthalmic causes for unfavourable outcome {#sec3-13}

Nine cases of blindness have been reported following orthognathic surgery.\[[@ref27][@ref28]\] Essentially, lefort 1 osteotomy and one due to bilateral maxillary posterior segmental osteotomy.\[[@ref29]\] One case of transient abducens nerve palsy has also been reported.\[[@ref30]\] Injuries to the distal orifice of the nasolacrimal duct and the anterior wall of the lacrimal sac have also been reported. The causes for blindness following a lefort 1 osteotomy have been postulated as unknown in five cases, arterial aneurysm in one case, hypoperfusion of the optic nerve\[[@ref28]\] in one case and two cases where investigations showed propagation of fractures lines to the skull base during pterygomaxillary disjunction.\[[@ref31]\]

### Vascular compromise {#sec3-14}

Complete or partial necrosis of the osteotomized segment due to vascular compromise has been reported more in the maxilla and has been attributed more predominantly to cases requiring multi-segment osteotomies in conjunction with superior repositioning and or transverse discrepancy corrections.\[[@ref32]\] Partial necrosis of the anterior maxilla after an anterior maxillary osteotomy has also been reported.\[[@ref33]\] The occurrence of palatal perforations also compromise the vascularity of the anterior maxilla.\[[@ref34]\]

Excessive stripping of the lateral ramus also is not advocated to prevent ischemia to the proximal segment of the ramus. Maintenance of a good muscle pedicle enhances supply to this segment. However, two cases of aseptic necrosis of the mandible following osteotomies have been reported.\[[@ref35]\]

### Nasal changes {#sec3-15}

Intra nasal problems such as deviation of the nasal septum, fracture of the anterior nasal spine, synechiae, septal perforations and hypertrophy of the inferior turbinates have been reported.\[[@ref36]\] Septal deviations are the most frequently noted undesirable change after a lefort 1 osteotomy. This happens due to the repositioning of the cartilaginous septum, vomer and the anterior nasal spine especially during a lefort 1 impaction. Once this has been identified, trimming of the septal cartilage and the vomer may be advocated to correct the deformity.\[[@ref36]\] An 8% incidence of snoring post-surgically has also been documented.\[[@ref36]\] Changes of the inferior turbinate following surgery also needs to be noted and addressed as it is a significant cause of post-surgical nasal obstruction.\[[@ref36]\]

Morphological changes of the nasal base, position and rotation of the nasal tip are also significant changes that need to be expected with maxillary surgeries. Widening of the alar base is a universal phenomenon with almost any maxillary osteotomy and is more prominent in superior repositioning and advancement procedures. This is due to the stripping of the muscles of the nasolabial region due to the sub-periosteal dissection for bony exposure. These can be managed adequately by the judicious use of V-Y closures and the alar cinch stitch.\[[@ref37][@ref38]\]

### Soft-tissue injuries {#sec3-16}

Around 2% incidence of soft-tissue injuries has been documented,\[[@ref39]\] which may produce a bad result in the immediate post-surgical phase with significant patient dissatisfaction and discomfort. This may be due traction injuries, thermal burns or injuries due to injudicious use of cutting instruments without adequate protection.

Unfavourable outcome in the post-operative phase {#sec2-10}
------------------------------------------------

### Velopharyngeal incompetence {#sec3-17}

Studies have indicated that there is an alteration in the anatomy and functioning of the velopharyngeal apparatus after a total maxillary osteotomy and this may not be very different between cleft and non-cleft patients. However, the magnitude of the change may be different in the two groups, which may need consideration during advancements of the maxilla in cleft patients. The presence of a short soft palate and a deep pharynx contribute to the development of a velopharyngeal insufficiency following lefort 1 osteotomy.\[[@ref40]--[@ref42]\] In general, advancement of less than 10 mm may be unlikely to produce any significant undesirable changes in the speech of the subject even in cleft patients.\[[@ref41][@ref42]\]

### Condylar resorption {#sec3-18}

Condylar resorption is a progressive change in the shape of the condyle with a decrease in its mass. This may lead to decreased posterior facial height, retrognathia, worsening anterior open bite with downwards rotation of the mandible. A systematic review of a sample size of 2567 patients yielded very poor evidence, but stated that the incidence is about 5.3% and was predominant in females with mandibular retrognathism and high mandibular plane angle who underwent bimaxillary surgery.\[[@ref43]\]

### Hardware problems {#sec3-19}

Undesirable results due to hardware issues may be exhibited in two forms. Problems associated with the implants used for fixation and problems arising due to the instrument or bur breakage intraoperatively. Instrument or bur breakage in orthognathic surgery may be a relatively common occurrence, but seldom causes any deleterious effects. However, exaggerated tissue response due to an unrecovered bur in a patient has been documented to produce an osteolytic foreign body reaction.\[[@ref44]\]

A study of 570 orthognathic procedures revealed that 27.5% of patients needed removal of the plates used for fixation, where 13.7% were due to post-operative plate-related infections and 11.6% were due to clinical irritations due to the plates.\[[@ref45]\]

### Dental pulpal vitality {#sec3-20}

Transient or persistent dental hypersensitivity may be a common problem associated with post-osteotomy discomfort. Patients may also exhibit obliteration of the pulp canal, which is more prevalent in the maxilla. Spontaneous pulpal necrosis or internal resorption of the tooth are not common.\[[@ref46]\] The transient ischaemia following an osteotomy for the first 2 days followed by increased pulpal blood flow may be the cause of the hyperaemia and sensitivity.\[[@ref47]\]

### Condylar sag and condylar torque {#sec3-21}

Condylar sag is an immediate or late alteration in the position of the condylar process in the glenoid fossa after the fixation of the osteotomy, which leads to a change in the dental occlusion from the predetermined plan. Sag may manifest as a central sag where the condyle is at a lower position than normal and peripheral sag is when the condyle is forced more medial and anterior against the walls of the fossa after fixation.\[[@ref48]\] These changes may manifest as open-bites, unilateral or bilateral cross-bites or anteropositioning of the mandible post-surgically. Condylar torque also causes shifting of the dental midline post-surgically and may also lead to temporomandibular joint dysfunctions.\[[@ref49]\] Condylar sag and torque may be prevented by careful repositioning of the condyle manually within the fossa before rigid fixation of the bony fragments.\[[@ref48]\]

### Dental occlusion disturbances {#sec3-22}

Dental occlusal disturbances may occur in the form of anterior-open bites, cross-bites, change in the dental midlines and altered inter-digitation of the teeth. The most common causes for altered occlusion in the immediate post-operative phase are due to improper condylar positioning intraoperatively. This produces condylar sag or torque, which produces unfavourable occlusion, which hinders function and decreases post-surgical stability.

Anterior open-bite is the most common undesirable dental outcome post-operatively and may be due to (1) Central condylar sag, (2) Improper positioning of the maxilla intraoperatively or (3) Excessive muscular forces.\[[@ref48]\]

### Non-union {#sec3-23}

Non-union or delayed union is seen predominantly in the maxilla following orthognathic surgery and has been documented with incidence of 2.6%.\[[@ref50]\] the main causes of non or delayed union are instability in dental occlusion, post-surgical infections or osteosynthesis failures.\[[@ref34]\] Investigations with a 3D computed tomography reconstruction may be superior than conventional radiography in making a diagnosis of non-union. Secondary surgery with curettage, bone grafting and adequate rigid fixation need to be performed as a corrective measure.\[[@ref50]\]

### Persistent growth after orthognathic surgery {#sec3-24}

Surgery during the growing phase also has two significant ill-effects: (1) The remaining growth potential in the patient may be hampered and (2) the growth may continue after surgery and negate the benefits of surgical correction. However, a thorough understanding of the indications for surgery and growth implications will enable us to make a decision of the need to operate during the growth phase.\[[@ref51][@ref52]\] Nearly, 98% of the growth potential may be exhausted in females by the age of 15 and in males by 18.\[[@ref53][@ref54]\] The need for surgery in the growing phase may be many including exacerbation of the existing problem, psychosocial considerations, airway problems, aesthetics and temporomandibular joint dysfunction etc.

### Stability and relapse {#sec3-25}

No orthognathic procedure is relapse proof and when the surgical procedure is not planned, modified or over-corrected with this in mind, may lead to an undesirable result in due course. The concept of stability can be understood better in terms of percentage changes anticipated, which will enable us to plan in countering relapse.

Highly stable: Lesser than 10% chance of significant post-operative changeStable: Less than 20% chance of significant change and almost no chance of major change post-operatively.Stable with modification: E.g., rigid fixation after osteotomyProblematic: Considerable chances for major post-operative changes.

A clear understanding of the 'hierarchy of stability' and planning accordingly will reduce the incidence of post-surgical problems. For example, three movements fall in the problematic category-mandibular setback, maxillary down-graft and maxillary expansion.\[[@ref55]\] Knowledge and awareness of these help us to achieve better results and counsel the patients on what to anticipate.

### Unusual situations of unfavourable outcome {#sec3-26}

Avulsion of Maxilla: One instance of avulsion of a left maxilla and palate has been reported in a 20 year old patient with a corrected bilateral cleft lip and palate deformity. Overzealous dissection and mobilisation has been reported as the cause.\[[@ref56]\] These can be prevented by judicious handling of the tissues during surgery and use of intraoperative splints to consolidate a cleft maxilla into a single unitDeath: One instance of post-operative death has been reported following orthognathic surgery. A pre-existing condition of cardio-myopathy has been indicated as the cause for the mortality.\[[@ref57]\]

CONCLUSION {#sec1-4}
==========

Complications and unfavourable outcomes are part and parcel of any surgical practice and orthognathic surgery is no exception. However, a majority of these instances may be avoided if a systematic approach to planning and execution is adopted.
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